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Abstract Agriculture provides many ecosystem services
such as food, fiber, clean water, and sequestration of carbon.
The efficiency of such ecosystem services depends on crop
composition and farmer decisions. Current knowledge on
landscape changes is focused on crop allocation process at
farm scale and rotations at field scale, whereas the impact of
farmer decisions on the choice of crop acreages is poorly
known. Therefore, we have built a method to assess the
evolution of farm crop acreages in time and space and to
identify factors ruling agricultural landscape changes. We
use a dynamic typology, which is a multi-year classification
of farmers. The seven steps of the method include three steps
on farm typology, three steps on landscape changes, and then
one step on change factors. We applied the method on 3,591
farms in Guadeloupe. Eight farm types were distinguished
according to crop acreages. Our results show evidence of a
diversification of 111 sugarcane growers toward production of
vegetables and fruits. Spatial analysis revealed a relationship
between diversification and water availability. Our method
could be used to measure ecosystem services or disservices
associated with changes in agricultural landscapes.

Keywords Agricultural landscapes . Farm typology .
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1 Introduction

Agricultural landscapes account for one third of the human
land use across the globe (FAOSTAT 2008). Agricultural
practices have had a wide range of harmful effects on their
surrounding environment, such as the degradation of soils, the
loss of biodiversity, and the decrease of water quality, despite
their ability to provide many fundamental ecosystem services
to humanity (Tilman et al. 2002). The values and flows of
these services are deeply linked to the crop composition and
the crop arrangement in these landscapes (Castellazzi et al.
2010; Benoît et al. 2012; Schaller et al. 2012).

Both the composition and the configuration of agricultural
landscapes are the result of farmer’s cropping plan choices
made at the farm level (Dury et al. 2011). A farm cropping
plan is composed of (1) the crop acreages that refer to the farm
area, usually devoted to one or a group of crops each year
(Wijnands 1999) (Figs. 1 and 2) the crop allocation, which is
the assignment of a particular crop to each plot on a given
piece of land (Aubry et al. 1998). Crop rotation is defined as
the practice of growing a sequence of plant species on the
same land and is a concept that has long been used to represent
the temporal dimension of cropping plan decisions (Bullock
1992). Different rules for crop rotation decisions affect
farmer’s crop acreages, such as the return period of crops,
the maximum number of successive years that a crop may be
grown in a field, and prohibited crop sequences (Castellazzi
et al. 2007). A farmer’s cropping plan and crop rotations are
often spatially explicit at the farm scale (Rounsevell et al.
2003). They are determined by a range of factors that impact
the farmer’s decision process, including biophysical factors
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(e.g., slope and rainfall) and socioeconomic factors (e.g., farm
size, and land tenure) (Leenhardt et al. 2010). At the regional
scale, decision makers can strongly influence the provision of
ecosystem services by modifying farmers’ cropping plans
according to agricultural policies that focus on these deter-
mining factors (Castellazzi et al. 2007; Valbuena et al. 2008).

The determinants of crop choices have been analyzed in a
range of studies conducted within the “landscape agronomy
discipline” (Benoît et al. 2012), which strongly focuses on the
identification of patterns of crop rotations and the understand-
ing of the process of crop allocations to plots. Patterns of crop
sequences have been analyzed with special emphasis on the
temporal and spatial evolution of the organization of crops
(Benoît et al. 2001) and crop acreage changes at the regional
scale (Mignolet et al. 2007) and very large scale (Xiao et al.

Fig. 1 Sugarcane and pasture are an important component of farmers’
cropping plans in Guadeloupe, as shown in the agricultural landscape
captured

Fig. 2 a Shows the results of the regression tree for the population of
farms. Thresholds for automatically categorizing farms are enclosed in
light gray boxes, and the different farm types identified by the regression
tree are given in colored boxes, with their numbers. The pie charts
represent the proportion of each group from the ascending hierarchical
classification included in each group obtained with the regression tree.
We can see that the reproduction of groups from the cluster analysis is
very good for seven of the eight groups. Only the classification of
“diversified” farms is average, even though more than half of the group
is constituted by farms classified as diversified in the hierarchical

clustering analysis. In the pie chart of the diversified farm type, we can
see that one third of this type is constituted by the “diversified cane
growers” farm type, which is similar to the diversified farm type in its
description because they both included diversified farms for which the
proportion of sugarcane has decreased. b Shows the changes in the
numbers of farm types from 2004 to 2010 in the selected population of
farms (n=3,291 farms). We can see that the number of “specialized cane
growers” decreased from 1,300 to less than 1,000 while during the same
period, the number of diversified cane growers increased rapidly
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2014). The landscape regularities caused by crop rotations, in
time and space, have been analyzed by Schaller et al. (2012)
who found that they were the results of decision rules for crop
allocations made at the farm scale. Sorel et al. (2010) noted that
this crop allocation process is influenced by the farm type, the
field characteristics, and a range of agronomic factors. In these
studies, the changes in cropping plan decisions were analyzed
using an understanding of the changes in crop allocation pro-
cesses as generally formalized with a set of rules (Aubry et al.
1998). In these studies, crop acreage choices are studied either
at the regional scale, without consideration of the farmer’s level
of decision making, or at the farmer’s level, without observing
the aggregation of changes at the regional scale. This analysis at
both farm and regional scale seems to be of a great importance
for understanding the determinants of crop acreage changes at
the regional scale and to help decision makers to formulate
farm-scale policies intended to modify farming systems.

The most common approach to take account of crop acre-
ages at the farm scale, when working at the regional scale, is
farm typology, which categorizes farms into homogeneous
groups with similar crop acreages. Comparisons of these
groups are used to understand farmers’ decision processes
for crop choices (Iraizoz et al. 2007). Typologies are often
built with either statistics, including principal component
analysis and cluster analysis (which divide the overall farmer
population into types), with expert knowledge, or with a mix
of both approaches (Madry et al. 2013). Nonetheless, most
farm typologies are static; they are made for a particular year
and do not show changes over time and cannot, therefore,
reveal the changes in farm cropping plans across time and
space or the determinants of changes in farm cropping plans.

For analyzing the evolution of farm crop acreages over time
and space, we propose a seven-step method that employs a
dynamic farm typology, a multi-year classification of farmers into
types: (1) to reveal the evolution of farm crop acreages across time
and space and (2) to identify the determining factors of changes in
agricultural landscapes. An understanding of such determinants
can help decision makers to define agricultural policies that target
the cropping plans of farmers to modify agricultural landscapes
and, in turn, the provision of ecosystem services by these land-
scapes. The method is first presented with all its steps and then is
applied to a case study of farms in Guadeloupe. Special attention
will be paid to the provision of food for local markets, because the
weak level of food self-sufficiency is one of the main problems
for decision makers in Guadeloupe.

2 Material and methods

2.1 Description of each step of the method

The seven-step method includes the building of the farm
typology in steps 1 to 3 and the assessment of changes in

agricultural landscapes in steps 4 to 6 and highlights the
determinants of changes in step 7.

2.1.1 Step 1: building the multi-annual farm database

A geographical database of farms including data on their
crop acreages, economic structure, and biophysical con-
text is built for the study period, generally at least 5 years.
Surveys of farm acreages and crop allocations to fields are
generally available at the regional scale through public
statistics and satellite imagery. However, information
concerning the biophysical context and the structure of
the farms can be scarce. Then, the databases need to be
completed with relevant geographical information such as
altitude, rainfall, and proximity to city. These data can be
compiled from geographical information systems, census
data, on-farm surveys, or field measures to provide a
sufficient level of information about the hypothetical de-
terminants of changes in farm cropping plans. The farms
either can be mapped using the address provided in the
database, by identifying farms with satellite imagery, or
can be represented as the centroids of fields owned by
farms.

2.1.2 Step 2: building the farm typology

The typology of farms is based on some variables de-
scribing the farm crop acreage for a given year of the
study period, generally the first or the last year. Principal
component analysis is first used to reduce the number of
variables in the sample and to avoid problems associated
with multi-collinearity. Then, relevant principal compo-
nents are selected for the ascending hierarchical classifi-
cation. After the ascending hierarchical classification, the
partitioning of the population into homogeneous groups is
performed using Ward’s method (Ward 1963) to minimize
the intra-group variability and maximize the inter-group
variability (Blazy et al. 2009).

2.1.3 Step 3: generating thresholds for the classification
of farms

Thresholds allow the allocation of a farm to a given type.
This allocation for each year of the studied period allows
the modeling of the dynamics of the typology. These
thresholds are generated with a regression tree. Classifi-
cation and regression tree (CART) techniques are statisti-
cal tools that have been used in agronomy mainly for
identifying the factors controlling yield variability
(Tittonell et al. 2010) or farming practices (Maton et al.
2007). In our study, the regression tree is used to classify
farms into farm types during the study period. In the
regression tree, the variable to be explained is the farm
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type obtained from the ascending hierarchical classifica-
tion, and the explanatory variables are the crop acreages
of the farms.

2.1.4 Step 4: observing tendencies of farm type changes

The categorization of each farm into a farm type for each year
of the multi-annual database reveals the evolution of the
number of farms of each type across the period studied. These
evolutions show the tendencies of the number of farms of each
type to increase or decrease.

2.1.5 Step 5: generating farm transitions from type-to-type
during the period

Step 5 focuses on farm types, with significant increases
or decreases to determine which types of farm transition
are responsible for the significant temporal trends ob-
served. Farm transitions are generated by examining the
changes of various farm types during the study period.
The transitions among farm types are summarized in a
graph that combines all the significant transitions among
types that occurred during the study period. This gen-
eration of farm transitions among all types allows for
the identification of types responsible for the temporal
trends observed in the previous step. For each transition,
the farms belonging to the original types are mapped on
the study area. These mapped farms include those that
changed to another group during the studied period and
those that stayed within the same type. Hence, the map
identifies the areas where transitions have occurred and
areas where the farm types have not changed.

2.1.6 Step 6: detection of spatial autocorrelation in transitions

The spatial influence on farm transitions is highlighted by
performing spatial autocorrelation analyses on the map of
farms. Spatial autocorrelation measures the degree to
which a phenomenon is correlated to itself in space (Cliff
and Ord 1973). It refers to either similar values statisti-
cally clustered in space or similar values dispersed all
over the area of study. Absence of spatial autocorrelation
indicates that the spatial pattern observed is random. One
can thus identify two types of clusters: (1) positively
autocorrelated areas in which the changes in the frequen-
cy of farm type are statistically greater than those of a
random pattern of farms and (2) negatively autocorrelated
areas in which the changes in farm type are statistically
lower than the level of change of a random pattern of
farms. A binary variable is created to identify the farms
which have changed (binary variable 1) and those for
which the type has not changed during the studied period
(binary variable 0). Spatial autocorrelation is then

performed on this binary variable. The farms for which
the contribution to spatial autocorrelation, represented by
the Z-score, is above +1.96 or under −1.96 are selected
because these values show a pattern of farm transition that
is significantly different from a random pattern, at a
confidence level of 95 % (Ord and Getis 1995). These
farms are then selected for regression analysis because
they allow for a better identification of the determinants
of changes in farm cropping plans.

2.1.7 Step 7: identifying the drivers of changes in farm
cropping plans

To identify the determinants of changes in farm
cropping plans, regression analysis is performed on the
farms of the positively and negatively autocorrelated
clusters in the studied area. The regression analysis
quantifies the effects of the structural and biophysical
variables of the farms on the importance of the local
spatial autocorrelation, represented by the Z-score allo-
cated to each farm. This method is similar to the one
used by Chopin and Blazy (2013) to explain the origins
of regional variability in crop yields by biophysical and
socioeconomic determinants.

2.2 Application of the method to Guadeloupian farms

Guadeloupe is an archipelago located in the Caribbean.
The 31,300 ha of the total farmed area is cultivated by
8,000 farmers all across the territory (Agreste 2011).
Farm sizes range from less than 1 to more than
100 ha. The biophysical context of the farms varies
from dry plains on calcic soils to andisols and nitosols
located at high altitudes, where crops are grown on
sloppy fields with high rainfall on very fertile clay soils.
Rainfall in cultivated areas of Guadeloupe ranges from
800 mm yr−1 in the dry plains to more than
4,000 mm yr−1 at high altitudes. According to the
regional statistics, sugarcane, pastures, and banana oc-
cupy, respectively, 14,000; 10,000; and 2,100 ha, and
the other crops, less subsidized, including crop garden-
ing, orchards, tubers, pineapple, and plantains occupy
3,000; 950; 350; 300; and 300 ha, respectively (Fig. 1).
Guadeloupian agriculture is oriented toward the expor-
tation of highly subsidized agricultural products, mainly
bananas and sugar. Therefore, the food crop production
does not meet the needs of the population, and con-
sumers must buy expensive imported foodstuffs. The
Guadeloupe regional council is willing to drive the local
production toward an increase from the current level of
food self-sufficiency. Our application will then focus on
the types that can contribute to an increase in food self-
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sufficiency by the production of tubers, vegetables, and
fruits.

3 Results and discussion

3.1 Results of the application of the method to the Guadeloupe
case study

3.1.1 A seven-year database comprising 3,591 farms

We used a geographical database of individual fields, repre-
sented by polygons, corresponding to the annual declarations
of farmers for obtaining subsidies. The annual databases,
covering the period from 2004 to 2010, were merged together,
and the 25,054 fields for which the crop type was declared for
the entire period were selected. As shown in the two last
columns of Table 1, this multi-year database is quite represen-
tative of the regional statistics (Agreste 2011) as regards the
areas of the subsidized crops of banana and sugarcane grown
by more professional farmers, but less so for fruits and vege-
tables. We divided the numerous initial crops of our database
into eight categories, “sugarcane,” “banana,” “pastures,”
“crop gardening,” “tubers,” “plantain,” “pineapple,” and “or-
chards,” based on the similarity of the crop management
system and the crop length cycle.

We generated the biophysical characteristics of field by
using a geographical information system (GIS) and differ-
ent layers of information in a shapefile or a raster format.
Altitude information was obtained by using a 15-m digital
elevation model (DEM), a raster dataset representing the
evolution of altitude over the region, which was produced
with a map of altitude with contours every 5 m, using the
kriging tool from ArcGIS 9.3 (ESRI (Environmental Sys-
tems Research Institute) 2009). The rainfall layer used was
obtained the same way with a shapefile of isohyets. The
slope raster was obtained using the slope tool in ArcGIS
9.3 with the DEM as the input. Geostatistical analysis of
fields with each generated raster provided the mean alti-
tude, mean rainfall, and mean slope for each field of the
database. The farm structure variables, represented by the
farm size, the proportion of irrigable area, and the propor-
tion of the farm in agricultural land management, were
obtained either by a simple calculation or by a geograph-
ical treatment. The total cultivated area is the sum of the
field areas of the farms. The proportion of irrigable area
was based on a shapefile of irrigation schemes. The pro-
portion of the farm area under each crop was obtained by
dividing the area of each crop by the total cultivated area.
This biophysical, agronomic, and farm structure informa-
tion was upscaled from the field level to the farm level

using the means weighted by the area of each field for each
farm.

3.1.2 A typology composed of eight types of farms

The variables used in our typology are the proportions of
the eight types of crops in the cultivated farm area (Ta-
ble 1). The principal component analysis reduced the
number of dimensions in our data according to the Kai-
ser’s criteria to four principal components that had values
above 1. We used these four principal components in the
ascending hierarchical classification and obtained eight
groups (Table 1). This partition into eight groups is the
one with the highest ratio of inter-group variability to
intra-group variability. However, some degree of similar-
ity exists between the “diversified” type and the “crop
gardeners” type as well as between the “mixed cane
growers-breeders” (called “mixed” in the rest of the pa-
per) and the “diversified cane growers,” as evident in the
description of their mean crop acreages (Table 1).

The inter-group variability of the farm structure and the
farm biophysical context in the overall population reflects the
large diversity of farms in Guadeloupe. The descriptive statis-
tics for the eight groups revealed a high level of specialization
of five groups and a diversification for the three others (Ta-
ble 1). The specialized producers, “cane growers,” “breeders,”
“arboriculturists,” crop gardeners, and “banana farms,” re-
spectively, specialized in sugarcane, beef production, peren-
nial fruit production, crop gardening, and banana production
for exportation. “Mixed” and diversified cane growers repre-
sent groups with two or three main products. For the first type,
sugarcane and pasture are the only production types, while
these crops are grown with a diverse group of crops in the
second type. The diversified type includes farms that produce
at least three or four crops, and pasture and sugarcane have the
smallest acreages on the farm.

The groups crop gardeners, diversified, arboriculturists,
and “banana growers” are localized on a high range of phys-
ical and structure context. On the opposite the groups, mixed,
breeders, “specialized cane growers,” and diversified cane
growers are located in the same context (Table 1). Mixed
producers, breeders, diversified cane growers and cane
growers cultivate in average four hectares, the altitude of the
farm is low (around 40 meters), the fields slope is weak,
around 5 % and rainfalls are in average around 2000 mm per
year. Arboriculturists, crop gardeners, diversified and “banana
growers” are located on a range of different biophysical con-
texts, and their intra-group structures strongly differ. The most
import difference among these groups is the size of farms.
“Banana grower” owns large farms around 15 ha in average,
and the size of diversified farms is also above the average size
of the farm population with 7 ha while crop gardeners and
arboriculturists have the same mean size as the overall farm
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population. Diversified are located in average at lower alti-
tudes than crop gardeners and arboriculturists, while banana
growers are located on greater altitudes. Slopes also reflect the
variability of biophysical contexts. They are quite high, be-
tween 10 and 20 %, but their standard deviation in these
groups is really important (15 %). Crop gardeners are located
in average on irrigation schemes while arboriculturists are
outside of these schemes.

3.1.3 Fourteen thresholds for crop acreages categorize farms
into the eight farm types

The regression tree generated 14 classification thresholds
based on the proportions of crops within the farms’
cropping plans. These thresholds enabled the automatic
categorization of the farms of our geodatabase into one of
the eight farm types for each year of the study period
(Fig. 2). For each group obtained via the regression tree,
the pie charts presented in Fig. 2 represent the proportion
of the “initial” groups built from the ascending hierarchi-
cal classification. We can see from the pie charts that the
regression tree produced similar results to the ascending
hierarchical classification; for 7 out of the 8 farm types,
more than 90 % of farms were correctly classified. Only
the diversified group was composed of a significant pro-
portion of farms classified differently by the ascending
hierarchical classification. In this group, 30 % of the
farms were classified as diversified cane growers by the
ascending hierarchical classification. However, we con-
sider the entire classification from the regression tree as
valid because the two groups diversified and diversified
cane growers are similar in terms of their descriptions.
Furthermore, only 5 % of the total number of farms in the
population were categorized incorrectly. The 14 thresh-
olds allowed for the automatic categorization of the pop-
ulation of 3,591 selected farms from 2004 to 2010.

3.1.4 Farm type dynamics from 2004 to 2010

We noticed a significant decrease in the number of specialized
cane growers farm type between 2004 and 2010. In contrast,
the number of diversified cane growers farms strongly in-
creased (Fig. 2). Thus, the population of “specialized sugar-
cane growers” decreased from 1,400 in 2004 to less than
1,000 in 2010, i.e., from 39 % to 26 % of the overall farm
population. In contrast, the number of diversified cane
growers farms increased from 500 to 800, i.e., from 14 % to
25 % of the total farm population in 2010.

3.1.5 Summary of the transitions of farms among types

All the farm changes from 2004 to 2010 have been summa-
rized in terms of the number of changes over the period

(Fig. 3). A number of specialized cane growers transitioned
to diversified cane growers. To test the ability of the method to
explain transitions between farm types, we decided to focus
on the determinants of the increase in the diversified cane
growers farm type. This increase corresponds to the transitions
of farms initially belonging to the breeders, specialized cane
growers, and mixed farm types into diversified cane growers.
These transitions reflect an important change in production
from pasture and sugarcane to crop gardening and orchards.
Indeed, crop gardening and orchards can be considered as
more risky, more resource intensive (in terms of time, equip-
ment and workforce), and also more profitable. The focus on
these transitions revealed two different patterns among farm
transitions. The first is a diversification process through the
adoption of cattle breeding by farmers, while the second
pattern is a diversification process associated with the adop-
tion of vegetables or fruit production. We then decided to split
the diversified cane grower type into two subgroups, a “diver-
sified on animals” subgroup and a “diversified on fruits or
vegetables” subgroup, according to the presence of fruits or
vegetables in the farm acreage in 2010, which was 10 %, on
average, in 2010.

After splitting the diversified cane grower type into sub-
groups, we focused on the transitions from specialized cane
growers, mixed, and breeders to “diversified on vegetables
and fruits” in order to understand the process of crop acreage
changes toward production of food for local consumers. An
understanding of the determinants of farm cropping plan
changes toward the diversification of crops is of a great
importance to propose adapted agricultural policies aimed at
increasing the level of food self-sufficiency in Guadeloupe.
We then mapped the 2,504 farms belonging to the specialized
cane growers, breeders, and mixed groups in 2004. Of these
2,504 farms, 111 farms changed to the “diversified on fruits or
vegetables” type. This number represents a small proportion
of the farms in Guadeloupe, but this transition can be used as a
basis for understanding the determinants of the diversification
process in Guadeloupe. A binary variable was used in the
spatial autocorrelation analysis to identify the 111 farms that
changed to the “diversified on vegetables and fruits” farm
type.

3.1.6 Groups of autocorrelated farms in transitions

The sixth step is the spatial autocorrelation analysis of the
population of farms to identify areas where (1) statistically,
more transitions have occurred from one group to another and
(2) areas in which farms have, statistically, less transitions
(Fig. 4). The spatial autocorrelation analysis of farms based
on the binary variable identified three areas, two areas of
positive spatial autocorrelation and one area of negative spa-
tial autocorrelation. We selected the 1,280 farms that were
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highly negatively and positively autocorrelated within these
three clusters for regression analysis.

3.1.7 Access to irrigation for crop growth explains
the observed changes in farm cropping plans

Z score ¼ 5:489þ 0:568 slopeð Þ−0:004 rainfallsð Þ
þ 0:006 cultivatedareað Þ
þ 0:833 %farmin irrigationschemeð Þ
þ 0:198 %farminlandmanagementð Þ

R2 ¼ 0:77andMean rainfalls P < 0:01ð Þ;
Prop: farminirrigationscheme P < 0:01ð Þ

Amultiple linear regression performed on the 1,280 select-
ed farms in the three above-mentioned clusters revealed the
influence of the access of farms to irrigation and the amount of
rainfall on the diversification process (see the Eq. 1). The
presence of farms within irrigation schemes was positively
correlated to the transition of farms to “diversified on vegeta-
bles and fruits,” while the amount of rainfall was negatively
correlated to the diversification toward vegetables and fruits.
This finding can be explained by the fact that vegetables and
fruits need to be irrigated in dry areas because of the lack of
water from rainfall, while the amount of water is too high in
humid areas where rainfalls are close to 3,000 mm. This high
amount of water can cause waterlogging and drive the devel-
opment of pests and diseases that strongly decrease the yields
of vegetables and fruits (while pasture and sugarcane are
resistant to this phenomenon).

Fig. 3 Circular plot of farm types in 2004 and the representation of their
transition during the period 2004 to 2010 for the selected population of
farms (n=3,291 farms). Ribbons between types represent the transition of
farms from a given type in 2004 to another one in 2010. Ribbon width
represents the number of farms in transition. Direction of transitions is
represented by an arrow. The angular sizes of circularly arranged seg-
ments represent the population of each type (with their corresponding
color used in Fig. 2) and are proportional to the size of farm types in 2004.
The four circularly arranged stake bars, from the center of the figure to the
edges, represent respectively, the relative contribution of outgoing

ribbons from each farm type in number of farms in percentage, the
relative contribution of ingoing ribbons to each farm type in percentage,
and the proportion of ingoing and outgoing ribbons in the total popula-
tion. The “diversified cane growers” group was split into two subgroups,
“the diversified on animals” and the “diversified on fruits and legumes”
subgroups. The latter reflects the adoption of legumes and fruit crops by
111 farms from the “specialized cane growers,” “mixed,” and “breeders”
farm types, represented by the flows to “diversified on fruits or legumes”

332 P. Chopin et al.



3.2 Discussion of the method for understanding
the determinants of change in farm cropping plans

3.2.1 Automatic classification of farms into farm types
facilitates monitoring of the impacts of agricultural policies
on farms

The construction of thresholds for categorizing the farms
into farm types can facilitate the identification of tenden-
cies for decreases or increases in the number of farms of
various types over a territory. This automatic classification
is particularly useful for decision makers to follow the
dynamics of change at the scale of the farm in addition
to the regional scale. This automatic categorization is fast
because it does not require repeating a statistical analysis
on databases for every survey. This automatic classifica-
tion also does not require the intervention of expert
knowledge for classifying farms into groups. Thus, this
method is particularly useful in the context of the high
frequency of farmer interviews and census that encompass
a wide range of information about a farmer’s activities on

their farm. Using the method for several years can help
local agricultural policy makers to easily follow the evo-
lution of farmers’ cropping plans and assess the effective-
ness of agricultural policies aimed at changing the agri-
cultural landscape.

Regression trees are characterized by rough discontinu-
ity, which means that small changes in a farmer’s cropping
plan can generate a change in farm type. In our study, this
threshold effect could be important for farms cultivating
few fields. The change of a crop in one or two fields can
create a significant change in crop acreages at the farm
scale and thus a change in farm type. These changes in
farm type could occur several times for a given farm as a
result of crop rotations for instance. It is difficult to know
if farm type changes are caused by crop rotation effects or
a long-lasting change in the activities of the farm. In our
case study, this problem is minimized by the high number
of farms included and by the fact that sugarcane- and
pasture-based farm types, e.g., breeders, mixed, and spe-
cialized cane growers, do not perform crop rotations;
therefore, their inter-annual variations in crop acreage at

Fig. 4 Map of the level of local spatial autocorrelation, highlighting the
areas where farms from the “breeders,” “specialized cane growers,” and
“mixed” groups changed to “diversified cane growers in legumes and
fruits.” The hot spots shown in red are farms in areas where the changes in
farm type are statistically greater than those of a random pattern of farms,

while cold spots shown in blue are areas where the changes in farm type
are statistically lower than in a random pattern. Three areas are signifi-
cantly different; the “North Grande-Terre” and the “North Basse-Terre”
areas have a high number of changes in farm type, while the number of
changes is low in the “Marie-Galante” area
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the farm scale are minimized. This problem can also be
minimized by characterizing the pattern of crop rotations
at a regional scale that are common to different farms
(Benoît et al. 2001; Mignolet et al. 2007). Instead of
building a typology on crop acreages, it can be built on
proportions of different crop rotations at the farm scale.
Considering crop rotations directly can prevent us from
over-estimating the farm type changes based on crop acre-
ages at the farm scale. A new crop rotation in the cropping
plan of a farm can then be considered as a change in farm
type toward another form of crop production.

3.2.2 Transitions of farms among farm types

Themain advantages of our method rely on its ability to assess
the evolution of agricultural landscapes at the farm scale
through the analysis of the changes in the number of farm
types over time. Our method insures invariability in the de-
scription of types, which reveals that the farm cropping plan
changes by the changes in farm types. In previous studies
(Iraizoz et al. 2007; Mignolet et al. 2007), farm typologies
were static, and several statistical treatments were required to
generate a dynamic typology. However, these multiple
treatments modified the description of groups across the
period studied. The study of determinants with these
treatments may have introduced bias into the analysis of
determinants because a farm with the same crop acreages
can be categorized into different types across the study
period because of the changes in the definitions of the farm
types.

In our method, we can identify the farms within farm types
responsible for the temporal tendencies observed. The transi-
tions of farms from one type to another are all described for
the period studied. The explicit changes in the farm types of all
the farms in our case study allow for the identification of the
transitions among groups. These transitions are an indicator of
farm cropping plan changes across the territory. Iraizoz et al.
(2007) realized a typology for studying the trajectories of
changes in farm structure over time. The dynamic dimension
of their typology was the measure of the annual percentage
change of the structure variable for 4 years, but no change of
the structure over time was presented. The indicator of chang-
es in farm cropping plans available with our typology allows
for the better identification of the spatial factors that determine
the changes in farm cropping plans.

The method needs to be applied to a multi-year database in
order to observe trends among farm types. The time scale of
the multi-year database should be based on the availability of
data for the study area and on the duration of crops in the area.
In our study, the main crops, bananas and sugarcane, are
grown for 7 years on average before being destroyed. Hence,
the use of a 7-year database seemed appropriate to see changes
taking place in farmers’ crop acreages.

3.2.3 Identifying the determinants of changes for spatially
targeted agricultural policies

Transitions are defined not only by an increase or a decrease in
the number of farm types but also by the location of the
temporal transitions observed with the method. Focusing on
the farms from positively and negatively autocorrelated clus-
ters helps by statistically highlighting the determinants of farm
changes. The residuals of the model we built to explain the
transition of farms toward the subgroup “diversified on fruits
or vegetables” were tested for spatial autocorrelation to reveal
any bias in the estimation of parameters of farm type changes,
as in Chopin and Blazy (2013). The spatial autocorrelation
tests did not reveal any autocorrelated pattern of farm changes
in the residuals of the regression model. This verification
ensured us that the estimations of the parameters in the regres-
sion analysis were not biased.

This method enables the identification of the determinants
of changes in farm cropping plans and, in turn, the changes in
agricultural landscapes. In our case study, the determining
effect of the access to irrigation can drive agricultural policies
toward the provision of a sufficient amount of water to farms
located in dry areas to reach the regional objective for food
self-sufficiency. Providing access to irrigation to the farmers is
a lever of action to promote conversion from sugarcane- and
pasture-based systems to fruits or vegetables. This process of
diversification of cane-based farms can then be increased by
an extension of the irrigation schemes in dry areas where cane-
based farms are located, as has been done in the north Grande-
Terre area since the beginning of the 2000’s (Cabidoche et al.
2002). In the West-Grande Terre area, the trend toward diver-
sification is weak since this diversification process took place
in the 1980s with the opening of irrigation schemes. In con-
trast, the results of the analysis demonstrated that high levels
of rainfall were a constraint to the adoption of crop gardening
production in humid areas. This is particularly true in the
South Basse-Terre area, where the decrease in the banana area
has not been accompanied by a significant increase in market
gardening. This is due to the presence of polluted soils that
prohibit the cultivation of roots and some vegetables (e.g.,
zucchini; see Cabidoche et al. 2009) and the lack of rainfall in
the dry season that cannot be corrected by irrigation due to the
absence of irrigation schemes. Considering the high cost of
drainage of water from a field, innovative crop gardening-
based cropping systems can be designed to respond to this
important constraint. Thus, crop rotations should be designed
with an emphasis on the resistance of crops to waterlogging
effects and high pest infestations when the rainfall levels are
important. These systems can be prototyped for all the
pedoclimatic areas of Guadeloupe by taking into account the
biophysical and the socioeconomic contexts of the farms and
the objectives of farmers in these areas. This prototyping
method can be based on the modeling of the adoption of
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innovative cropping systems by farmers, contributing to an
increase in food self-sufficiency in Guadeloupe (Blazy et al.
2009).

Other geographical factors can explain the absence of
changes in farm types toward diversification. For in-
stance, the level of subsidies can explain the absence of
transitions of banana farms toward more diversified farm
types during the study period. The economic context of
banana production, which is affected by the common
market organization (CMO) that will lead to the end of
banana quotas and taxes, will most likely threaten banana
production and exportation in Guadeloupe by 2020 be-
cause of its low degree of competitiveness in the world
market. Thus, other possible determinants of changes in
farm cropping plans to other farm types should be inves-
tigated to identify all the levers of action toward the
diversification of crops for each type of farm. The lack
of data on the structure of farms and the personal objec-
tives of farmers in the database we used makes it difficult
to determine all of the determinants of changes in crop
acreages at the farm scale. Complementing our study with
on-farm surveys would help gather new information and
data concerning the process of diversification. As pro-
posed by Debolini et al. (2013), mapping the knowledge
of agricultural experts would be a good step to perform
before surveying farmers. These experts would most like-
ly be able to provide a range of possible constraints to the
diversification of farm types.

As we showed in Table 1, this multi-year database is
less representative of the regional statistics for fruit and
vegetables than for sugarcane and pasture. The number of
farms geared to the production of fruit and vegetables is
thus probably underestimated in our study. This lack of
farms was identified in all the districts of Guadeloupe in a
homogeneous way based on 2010 census data. The access
to irrigation is a determinant of change from cane- and
pasture-based types to “cane growers diversified on fruit
and vegetables” that can be equated to the missing farms
in our database. This lack of farms in our data appears as
a constraint for the application of our method since it
reduces the probability of identifying a trend in the num-
ber of farm types.

This method can help to assess ecosystem services provid-
ed by agriculture at the regional scale. This supply of ecosys-
tem services is the contribution of agriculture to sustainable
development. For instance, in our example, the development
of fruit and vegetables in “cane growers diversified on fruit
and vegetables” can enhance the provision of food, but at the
same time, the use of irrigation in new areas can decrease the
regulatory service of agriculture for the purification of water,
with an increase in pollution due to intensive farming prac-
tices. Such ecosystem services can be appraised using indica-
tors to measure their provision at the regional scale. These

indicators use information about cropping systems, e.g., the
yield or the use of pesticides, and upscale this information
from field to region in order to measure these services. An
assessment of different types of services from year to year can
help characterize the trade-offs between the production of
food and the provision of clean water by agriculture.

4 Conclusion

The method developed here differs from the methods
currently used for examining changes in farm cropping
plans because it is mainly based on the analysis of farm
crop acreages in contrast to other methods that focus on
the crop allocation process. The typology developed with
our method ensures a dynamic and automatic representa-
tion of the evolution of farm types over several years,
based on crop acreage choices. This dynamic reveals the
temporal and spatial tendencies of changes in farm
cropping plans during the studied period as well as the
transitions among groups. This temporal and spatial char-
acterization aids in the identification of the determinants
of the changes in farm cropping plans. This method also
avoids bias in the analysis of the influence of determi-
nants by assessing spatial autocorrelation and providing a
description of the farm types that remain the same over
time. Furthermore, this rapid classification method is par-
ticularly useful for following the evolution of the farm
population and assessing the effectiveness of agricultural
policies on the changes in cropping plans that are
reflected in the changes in the number of farms of each
type. Using the method to examine a larger database, with
more structure data and socioeconomic information,
would increase the number of geographical factors to be
tested as possible determinants of change. The analysis
would then help decision makers to drive the changes in
farm cropping plans toward a desired state, such as an
increased level of food self-sufficiency in Guadeloupe, by
using determinants as possible levers of action.

Our method could be used as a prerequisite for
assessing the trade-offs in the provision of ecosystem
services associated with land use changes. The provision
of ecosystem services is a multi-criteria problem, and a
change in farm cropping plans can provoke multiple ef-
fects on different ecosystem services. In our method, each
farm type is described by the mean farm crop acreages.
For each acreage, at each different location, we can derive
a mean level of the provision of ecosystem services. Then,
by analyzing the influence of determinants on the changes
in farm cropping plans, we would be able to characterize
the changes in agricultural landscape and the provision of
ecosystem services. In order to measure the provision of
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ecosystem services and determine the trade-offs among
these services, indicators can be designed. These indica-
tors use the information on cropping practice at the field
scale and upscale this information to the regional scale in
order to determine these trade-offs. Finally, the method
can allow for the measurement of the overall contribution
of the agricultural landscape to the sustainability of a
territory.
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